
95-129

SOLID STATE SWITCH FOR HIGH RELIABILITY SPACECRAFT

Dan Karmon
Jet Propulsicm  Laboratory,

California institute of Technology.
M.S.

303-300
48000ak Grove Drive
Pasadena, CA 91109

(81 8) 354-9700/ FAX (818) 393-4272 / dan.Karmon*jpl.  Nasa.Gov

Jerry, Dalton F
Jet Propulsion Laboratory,

California Institute of Technology.
M.S. 303-300

4800 Oak Grove Drive
Pasadena, C

A 91109
(81 8) 354-0215/ FAX (818) 393-427?/ jdaltonOjpl,Nasa.  Gov

ABSTRACT

The  rlrivc  to improve interplanetary spacecraft power system
le.liability  and fault tolc.rancc. spurred JPL to ctcvclop  a Solid
State. Power Switch (SS[’S). JPL began  the. ckvclopmcnt of the
S S P S  ill t}lc l;tc.  nil)rtc.cn  cig}]tic.s to rcplacc the traditicmal
mechanical rc.lay/fuse  combination with hig,h reliability solid
state rtesigl,s  that provide distribute.cl fault prc,tcction  anrt load
switcl]ing.

The JPI. rksign was rtrivc.n  by  t})c high reliability, fault
tolerant rc.quil cmc.nts of the Cassini mission to Saturn (Iatc
1997 launch). T}m Cassini  space.craft will bc the first JPL

s}mcccraft  to utilim a solid state rtcvirm for power distribution.
One. hunrtrcd  and nine.ty-two (192) SSPS hytnid units will bc
used to control nuIncrorIs  spacecraft loads. I’hc  systcm

approach and design philosopl]y  of the SS1>S were previously
rc.ported  at the (1994), 29th IECEC conference (Dalton, ctal.).
I’his  papc.r dc..scribcs the. dc.sign and iil]J~lcll~clltatiol~ of the
flight qualified hyblidiz.c.d  SS1’S.

INTRODUCTION

The. SSPS is required to provide. reliable oJ,cration  throughout
a iong, thirteen (13) yc.ar mission. nigh reliability was
]t]aintail)cd  by hybrirliz.  ing the. SSPS in compliance with t}lc. K
Ievcl rc.quirc.ments  of MI I.-.D’D  38534.

‘W Cassini  Spacecraft utilize.s a 30V floating (with respect to
cl,assis)  pov.,cr  bus, co]lsisting  of 30V powc.r and 30V return

Iillcs. Cassini  will bc. t}[c first JJ’L spacecraft to utilize the
“ll:~rd Jmwtr  bus” ccmce.],  t. 1’IIc.  hard power bus is defined as a
systcln  wl)crc.  a f:iult  oil a give.n load is tr:insprcnt to the ot}lc r

user> of  the. powc.r bus. Thus, load faults on the hard power

bus ]nust  be “cle.arcd” (removed from the power bus) without
trigrcring an r-nidcr-voltage (out of regulation) condition on the
other usc.rs. l’his fault protection and failrrrc  immunity
pro~~crtics  of the SSPS arc achicvcd  by a completely

rc.dundant  design. The  SSPS also provides the option (not
possible with fuses) of  rc.-c.ncrgizing  a load in the event that a
self clearing fault or temporary overload condition has caused
the load to “clear”. 1 I ybl id design and fabrication were done

by (!TS  Microclcctronics,  West Lafayette Indiana.

l’hc  SSPS is packaScd  in a hermetically scaled 72 pin, Kovar
package mc.asuring  4.06 X 5.33 X 0.63 cm. The total weight

of tlic SS1’S  }Iybrid is about 31 gr.  It is implcmcntcd by thick

film technology and uti]izcs two (for redundancy) semi-custom
digital gate-arrays for the command intcrfacc.

II IC SSPS is dcsip  1A for a 30V spacecraft bus and rated for
3A loads (also has paral]c]ing  capability), It can be externally
pro~,ranurrcd  for c ig,ht  different load (trip) currents thus catering
to a wide range. of loads. In  the event of a load short, fault
curlcnt is lil]~itc.d  to 6A followed by turn OFF (TfUP). The
SS1’S provides soft turn-on, restart capability and load current
status for downlink tclcmc.try.  The SSPS can be conunandcd
thr~lugh c.ithrr  (or botl])  of two independent serial ports.

SSPS DESIGN

A c on]J>lctcly rc.drmdant  design and implementation assures that
no .siagk  point fi*ilurc  will result in a load staying
pcv mfincnfl-y comrctrrl  10 the bus. This  design approach
rcsultc.d  in indcpc.ridrllt  bus side and return side circuitry
l’hc load is switched by two power FETs.  (One on the bus



side and mm on the return sirtc).
l’hc. Command processor electronics is digital and occupies

about  }ialf of the switc}l’s  cfiscrctc.  c.]cmc.rrts.  in the }iyb] id,

this digital circuitry is implcmcntcd by a gate-array (t}mrc arc
two  like.  rtic pcr  ltybrid unit for rcdultdancy). T}IC switch block
diagram is dcpictcd in J’igwrr 1.

Functional I)cscriptirrn:

input logic

The SS1’S will accept commands on cit}icr  the Bus or the Rtn
control input or on both inputs simultaneously. In the event of
simultaneous commands, OFF commands arc higher
prcccdcncc  than ON commands. This feature greatly simplifies
the. dc.sign of the Command Sys[cm  as it permits the usc of two
completely indcpcndcnt command data systems with no
synchronization required bctwccn the two systems.

I’hc SSPS  commrrnd format is 16 bit serial. Each SSPS
wit}lin t)lc. Cassini power distribution systcm is assigned a

unique 8 bit address. SSPS commands contain an cmbcddcd  8
bit adrfrcss.  All  the S9PSs monitor the 4 wire command bus.
W}]c]i a command is sent the SSPS addtcss  dc,codcr  compares
tllc cmbcddcd  address to the assigned addrass and if they match

the command is processed. Parity and Start Bit arc c}mckc.d.  If
Parity, Start f?it and Address arc true the command is acccptcd.
T h e  SS1)S simplific-s  the “systcm”  bccausc a single 4 wire
sc.rial command bus is all that is nccdcd  to command all  ttrc
SS1’Ss (Cassini USC.S two independent command busses for
rcrlunriallcy)

Command Ixsgic

‘1’hc. Bus and Rtn Input Logic each contain a command
processor and addrass dccodcr to implctnent the above fc.aturcs
Once. accc.pte.d,  SSPS commands arc latched. The latching
functiol)  takes place via a state machine contained within the
command logic block.

I’)te SS}’S can rrsidc  in one of 3 state.s; ON, OFF and TRIP.
1’IIc. 1’RIP state is similar  to the OFF state cxccpt  that the SS1’S
}Las been turned OFF by internal control circuitry in response to
all ovc.rload,  rather than by external command.

Switch Subsystc.m

The. Currc.nt  Clamp, Over-current Trip and Soft-Start fc.aturc.s
arc implcmcntcd  in the (analog) Switch Subsystcm. l’hc  Switch
Subsystc.m  contairw  closed loop servo control circuitry to

irnplcmcnt  the Current Clamp feature, comparators, rcfcrc.nccs
and D/A convertors to irnplcmcnt the Over-current
Progranunablc Trip function, power MOSFETS  and MOSFET
bias circuits to rcaliz.c  the ON (soft start) and OFF

c}laractcristics.
~’hc. SS1’S fault protection works as follows. If load  current

c.xcccds a preset (one of eight) value, an intc.rnal  timer is
started, I’hc tillm.r expire-s after lrns and if the. load  currc.nt still
cxcc.c.ds the. prc.set value., the SS1’S latches in the. ltLIP state.
[)uring  tt[c lniS itltcrval  load  current is actively limited to 6
alnlx by Itlc SS1’S “Current Clamp” circuit. lf tl~c. load current

rfrops down below the preset value before the timer expire.s, the
timer is reset. The  Trip Circuit also contain.. an integrator to
},anrflr the. case. of an oscillating farrltcd  load. The integrator
t ime c onstant  is - S i n s .
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Figure 1. SSPS Furrcti”orraf  Block Diagram

lhc Soft-start feature. is achicvcd via the usc of a “Miller
intc~,rator”.  The. drain voltage of the MOSFET is fed-back to a
high irnpcdat,cc.  gate. drive circuit through an external capacitol
(0.SUF on Cassini).  The “MilIcr”  feedback provides a nearly
Iincar  rise in drain  vc,ltage  over time, given a resistive load.
Load voltage rise time is about 120mS, 10-90%.

-t’cl< Inctry

I’t,c. SS[’S provirtcs  switch and load state information for
doi~ nlink  tc.lcmc.tl y in the form of 3 digital and two analog
si~,llals. All signals arc buffered to prevent noise from
prc]},agating into the. SSPS from external circuitry. Additionally
the digital signals arc tri-stat.c  and the analog signals arc
switc}tcd,  T})asc  feature-s greatly simplify the dc,sign of t}lc
spacecraft tclcmctry collc.ction  multiplexer.

Dc.sign of the  SSPS

l’hc  SSPS design process was top down. F,lcctronic  engineers
WO] kcd close.ly with the spacecraft power systcm engineers to
draft the switch ftrtlctional  rcquircmcnts  and performance
tarf,cts.

Electronic design was performed using the “worst  case. design”
mctlloc. “Worst case” part pararnctcrs were usc.d to calcul:itc.
ci!cuit  pcrforn]ancc  during t}lc design p}]asc  rathc.r than
aftrrwarrls. l’art  },a[alnctcr  variatiom~  were taken fronl  a “Wors[
Case. Parts Paramctc  r Database” dc.vclopcd  try J I’L..



l~lcctrol~ic parts were. chose.n from an Approved Parts List
(A PI.) cJcvc.loped  by J PI- for the Cassirii  project. Part paran~ctcl
variations for Jmrts on tl]c. AJ’[.  were auton~atica JJy included in
the Parts Jmramctc.r Databiisc.  tJsing J>arts excl usivcly  from the
APL was a challc.ngc. for the dc.signc.rs but  it was bcnc.ficial  in
the. long run, Part problc.rns  wc.rc. nlinilniz.ed  and t}lc JPI,
internal review procc.ss  was greatly sin~J~]ified,  thus saving
tnoncy  for the projc.ct.

The  elc.ctronic  design was simulated and breiidboardcd  for
proof of concept and to “flesh  out” any potential problcnrs.
Next, formal Worst Case Analysis vc.rified  t}w electrical
performance. and a discrete. version of the SS1’S was created
using conventional PCB  tcchno]ogy.  The  PCB version of the
SSPS was tc.stcd for clc.ctrical  performance prior to
}Iybridiz.ation.  AdrJiticmally,  testing the PCB facilitated the
dc.vc.loptnc.nt  of a test  J~lan for the hybrids.

‘llc.  SS1’S was dc.signed and fabricated to meet the following
rc.quirc.rncnts:

FUNCTIONA 1/ KltQUIJtltM  I? N’I’S

1.

2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.

14

Soft start: 100 ms typical 10-90%  voltage rise into a 30
ohm load
Eight seJcctable  current trip IXVCIS,  3/8 A to 3 A.
1 Ins triJ> time.
200 us turn 01’}:  tinlc.
I,oad  currc.nt  limited to 6 A by SSPS in event  of a fault.
Clocked serial command inputs.
J’arity chink on cotnmaltd.
Intc.rnal  8 bit addrc.ss  dc.cocling.
Power-cm rcsc.t option: ON or OFF.
Separate. command inputs:
Sc.rial  Ccunmand  Port A Sc.rial Command Port B
Power-on Rc.set A powcr-011 Reset 1]
SSPS Addrc.ss  A SSPS Address B

Tc.lc.rnc.  try Iinablc A ‘J’c.Jcn~c.try  Enable B
Switch both sirlcs  of the. Iinc.
Parallel operation supportc.d.
lc.lc]netry Outputs: Rc.side. in }Iigh impedance state
unlc.ss c.nablcd,

Digital: ON/C)I;l’  A, 1 bit
ON/C)F}~ B, 1 bit
OVERLOAD, 1 bit

Analog: I,oad  current
Trip current

Dc.sign tctnpcrature range: - 30” C to + 85 “C.

I’IIYSI(:AI,  JllK.)UIRltMIW’l’S

Max siz.c. 2“ x 2“ x 3/8” or smaller when ]nounted,
including Jc.arJs.

Iilclosulc: lmw  the.rmal in] J)ccJancc,  mc.tal case., flatpact.
style., with leads otl tw,o opposing sides of the.
})ac ka gc

I,eads: A minimum nutnbc.r  of S4.
Mass: 30g typical or less.  (NOTE: Final  weight of a switch is

about 31 to 32 gr)

IN HIT REQUIRI;hf I;NTS

Bus Voltage: 30.0 t 5.0 VDC
Logic  Power A: 5.00 f 0.2s VDC

BUS-SIBR PJHWK)KhlANCl;  RIQUIRRMEN’J’S

I’ARAMEIIW$ IWST  VALUES
On State Resistance (O},rns) 0.091 to 0.192
Turl,  On Time (r,ts) 200 ? 2s
Turf,  Off Tin[c  (ins) 400  * 200

Trip Current (A) 4.0 ? 0.5

Trip Tirnc  (n-is) 1.0 f 0.2
Clarllp  Currc.nt  (A) 6.0 ! 0.5

Leakage Curl  ent  (n~A) 0.1 max
7x.nc  r Voltage (V) 43.0 ? 4.5
Timing Margin, Tch (ns) 300 max

RI?’”LJRN . S11)1; PI; RJK)RMANCE  REQUIREMENTS

I’ARAMIIIEKS
On State Resistance. (O}Inm)
Turt,  On Tin, e (ins)
Tur,, Off Time (Xs)
TriJ,  Currer]t  (A)
SE] .2 SJ?l.I sKil .0

0 0 0
0 0 1
0 1 0

0 1 1
1 0 0

10 1
1 1 0

1 1 1

TriJ,  Time (ins)
Clamp Currc.nt  (A)

Leakage. Cur]ent  (n]A)
Zc.tlc.r Voltag,c  (V)
Load  Current TLM (V)
Trill Current TI,hf (i’)
SllL2 SEL1 Sr’l,o
o 0 ()

o 0 1

0 1 ()

o 1 1

1 0 (1

1 0 1

1 1 0
1 1 1

Ti]riing  Malgin, T c h  (ns)

TEST VALUES
0.064 to 0.133
200  ~ 25

400 f 200

0.600 ? 0.071
1,088 to.121
1 .s73 to.174

2.059 ?0.224
2.544 ?0.278
3.029 !0.328
3.515 ?0.378
4.000 tO.428

1.0 *0.2
6.0 @5

0.1 rnax
4 3 . 0  ?4.5
2.40 ! 0.049

0 . 1 9 4  ?0.043
0.390 *0.05S
0 . s 8 6  *0.070
0 . 7 8 2  tO.086
0 . 9 7 8  20.104
1.174 to.121

1.37 !0.139
1.567 tO.157

300 max



I) IIWIRW’IIA  1. PltRIfOlthfA  NCIt RIiQUIRIMENTS

1’ARA M HIM TEST  VALUES

01] State. kc.sistallcc.  (Ohms) 0.1s5 to 0.314
‘rum On Time  (Ims) 87 to 225

Turn Off Time (Xs) ?OOf loo
Trip Time. (ins) } .0 ?0.2
Clam}, Current (A) 6.0.+  0.5
Power Ccmsrrnll,ticm  (nlW) 100 max

Load Voltage (V)

Vb = 25.0 ! 0.025V 24.529 ! 0.496
Vh = 30.0 ? 0.030V 29.529 ~0.501
v h?. = 35.0 30.035V 34.529 ?0.506

I~igitai  TdCltlCtry  Olllprrt  Lcvc]s ( V )

Ixrgic  O lx.vc.l 0.1 max

(101 -  SOXA)

[mgic 1 Ix.vc.l 4.65 rnin
(1(,,, = -50XA)

SS1’S II YI\lUl)IZA’J’JON

Following a long process of announcement of intent, RFP and
rr rigorous JPI. Source Selection process a contract was placc,d in
January of 1992 for the. hybridization of the JPL design. This was
the. first known flight qualified hybrid to bc  fabricated in
accordance and in compliance wit}l MI L-11 -38 S34A,  K lC.VCI
rcquil  cmc.nts.  All the components were procured to S Icvcl
spc.cification.  Thus, clc.mcnt  evaluation was performed to me.ct
the. S lCVC.1  rc.quircmc.nts.  Four }Iuncircd  and Twenty-Four (424)
flight qualific.d  hybrids wc.rc dclivc.reel to JPL by 3/10/95.

Figure2 shows both the JPL discrctc  implementation (9’’X6.25°

PCB)  and the. hybrid (1 .99”X1 .6”) side by side. To rncc.t crifical
weight and volume rcquircmcnts, the digital electronics (31
digital lCS) were. inqllc.rnc.ntcd  by two redundant gate-arrays (t}m
usc  of AS1 C il]l}>lc.l~lc~~tatioll was proposed by the sclcctc.cl
hybridization contractor - CTSM of Indiana). The Gate-Array
was designed and fabricated to  specif icat ion by lJTMC
(Colorado). This was a scmicustoni  chip CMOS Gate Array
similar to tllc UTMC UT1 16 DRutilizing thcsupplicr’s  1.5 micro]]

radiation-hardc.  nc.d CMOS process.Thestandard (library) flip-flop
dc..sign  was nwdificd  (by UTMC) to incorporate a triple modular

dc.sign with a rnajority-vote schcmc. This significantly incrcascs
the. single-event rrpsct  (SEU) immunity. It was dctcrmincd that
Boundary Scan was not nc.c.dcd as all  the switch function wc.rc.
testable from t}lc. outside. This furthc.r  rcducc.d  the probability of

failure.. The. die was fabricated to S level rcquircmcnts  and
ccrtificd to 100Krad  total dose.. The Gate Array die. size is
0.236” ! 0.003” square.

),lgun- 2 dc.~>icts  a vic.w of the. assemble.d hybrid. The SSPS
L]t ilir,c.d  a five. ]ayc.rc,rf nc.twork  o]] an Alumina (standard AlzOl)

based substl  ate.. Dulmnt  S704 was used as a dic.lcctric.  Conductor
tlaccs arc Gold. Resistors arc thick-film, Dupont  Birox  1900. All

t}tc resistors wcrr laser trirmncd  and twelve were dynamically
trimtlicd  to mc.ct spc.cific.d  parameters. The SSPS FET dice were
procured with a Gold  backing to cnhancc attachment to t}lc
subst!  ate. F[iT dice. wc.rc attache.d by Epoxy to a gold coated
sc.ction  of the. base Alumina substrate of the (5 layered) network.
This further improve.d thcrma  1 pc.rformancc  for the FETs.  Onc
and 2 mil gold wire.s and 8 mil  Al wires were used for bonding.
Silver filled paste (Able Bond 84-l LMI-NB-1)  was used toattachc

t}ic c otnponcnts.  The substrate was attached to the case with an
Alrrt 1,ina fillc.rl Epoxy prc.-form,  Ablcstick  570K-  1, Smill  thick.
‘rhc SSPS is packed in a custom Kovar package (Made by Agis):
(w) 1.680”, (1) 1.995”,  (h) 0.170”, with 72 glass scaled pirw,  and

0.40” thick walls. ‘Jlc. hybrid is hermetically scaIcd.

SS1’S statistics:

1. Numbc.r of active componc.nts  (JC  dice):

2. Nrrmbc.r  of c}[ip resistors and capacitors:

3. Numbc.r  of scrc.cncd  resistors:
12 rc.sisters arc actively trimmed

4. nrrlnbcr  of wire bond:
:ibout  390 arc 1 rnil Gold

35

26

181

466

Six prototype units  were. fabricate.cf for design verification.
The sc units (two at a t imc.) were tested both at CTSM and JPL.
After some design modifications, twenty one units were fabricated
by CTS,M in a tvlill-}1-38534  K lCVC1 line that was dcdicatcd to

t}m SSPS production. Eleven unitx  were dclivcrcd to JPL for
tc.s( ing and tcn  u!)its were. placed on a 2000 Hour cxtcndcd  life
test (at 125 “C!). All togcthc.r,  twenty-three (23) uni~s (the 10 from
the first “batch” anrf the rest from subsequent flight-built units)
WCIC  place.d on t}]c.  2000 Hours c.xtcndcd  life-test. During this test

t}]c. units were switc},cd  every half  a  second (On and Off
altc matcly) under a 30n]A load. AI1 the unik, with onc exception,
passed t}ic cxtcnrlcd  Ii fc.-tc.st. ‘Ilrcrc  were no catastrophic failures.

Thc one. c.xccption  was a parameter anomaly i.e. a parameter that
drifted out-of-spcc after 1000 Hours of operation.

Iixtcnsivc thermal analysis was performed on the hybrid design.
Both two dimcnsio],al  and 3D analysis indicated that the hybrid
was WCII within the JPL dcrating criterion for worst case. Onc
C.XC c.ption was the. worst case turn-on condition for the FETs. A
prc dieted 133 “C peak junction tcmpcraturc  cxcccdcd  the JPL
all(>wcd  110 “C, fo] 700n]s.  After further analysis a waver was
wr ittc.n and approved. However, additional testing was also
mandated. Six flight qualified units were tc.stcd by switching
the m Off and ON at 300n1s intervals under the maximum rated
(sic.ady state)  Ic,arl of 3A. It was previously dctcrminc.d  by

antlysis that this is a good rcprcsc.ntation  of the worst case. This
tc.sr was conducted for 8%  hours (100K state changes) while.
msintainin~ the. case tc.nipc.raturc  at 75 “C. Additionally, two of
thr  original six units were. sc.lcctcd  for an additional onc million

CYCIC tC.St  at room tc.mpc.raturc  under the rnaxirnum  load of 3A.
A 11 of t}tc rrl,its i,asscd  tl]c. rc.fr.rc.need tests without an observable
v:+  riation  in clc.ctrical  pc.rformancc..  An IR view of the FETs was



also taken to identify “hot spots” (if any).. No anomalies were
found and the dc.tectc.d  temperatures were well  below  100 “C.

The  fabrication processes were governed by a detailc.d  Traveler
t h a t  w,as  r e v i e w e d  and a p p r o v e d  b y  JP1.. All the  procass
documentation was rcvicwc.d  and approved by JPL. In addition
the. C!TSM plant was survc.ycd  for ccunpliancc.  with Ml L STD
requ  i renmnts  on three d i f fc.rent occasicms.  The late.st being an
audit of the SS1)S MI L-11-38534A, K level  dcrticatcd  line.  This
was conducted on June. 28,93 and was subsequently approved by
July 14, 93.

A JPL Quality Assurance engine.er took up rc.sidency  at CTSM
for the  entire. pc.riod of the production (of flight units). The QA
engine.cr was responsible for ensuring that all of the quality and
rcliatrility provisions wc.rc met. }Ic also }lad inspection, protrlcm
rc.solution,  reporting, hardware. acceptance and other liaison
responsibilities.

Following arc some of the. SSPS Traveler provisions:

lhvitwnmcntal  conditions during lIIC fabrication pmccss

[)pcrition tcmpcrdtmr(” C) ‘1’imc lhposum
M in Max Mirr Max

Network Vat. Bake ] 30 170 12H 72H

Epoxy  CUrc. (l)rvice  Attacl,)  9 S 105 Gornin 65ntin
190 200 60n]in 65ntin

Epoxy Cure (Network attach) 95 105 60min 6Smin
190 200 60min 65ntin

Prcseal  Ilurn-in 12s 135 8011
Prcseal  Bake.-hybrids 150 160 2411 72tl
Prcsc.al  Rake. -lids 150 160 4H 72H
Vacuum Bake-hybrirk. & lids 185 195 6}1 12H
Part No. Stamping 150 160 Sornin 70ntir]
Tc.mpcraturc.  cycling 12s 130 lornin (10 cycles)

Burn-in 125 130 133H
Burn in 12s 130 1 3 3 H  070}{  LOW

Through out the. fabrication process, with very few (three)
cxccptions, the  SSPS was kc.pt in a custom carrier (Azimuth
6151 B). This provided mc.chanical  pfotcction  and kept the leads
and structure out of harms way. All the. clc.ctrical  testing, shipping
and storage was done  with the units in the.

IIwlt-icd ‘1’csling Provisions:

An c.xtc.nsivc  and comprchc.nsivc.  test plan and proccdurc was
cstablishc.d  for t}ic SSPS. CTSM dcsigncrl  and built an automated
test systc.rn that was c.quippc.d  to test each unit over the entire
operational cnvc.]opc..  The entire c.lcctrical  test data package , for
c.ach unit, was provide.d in }]ard copy (papc.r)  and on disk. JPL
c.stablishc.d a data base. for all the  clc.ctrical  test data.

The. SSPS was  electrically testc.d at various stages of the
fabrication process. The. first elc.ctrical  tc.st and verification was

done. during the dynamic Iasc.r trimming of twelve (12) resistors.
Trimming was pc.rfcrrmcd at room tcmperatrm and at nominal
voltage.s  i .e .  30V bus and 5V logic.  Thr. load  was varied as

required try the ti imming  proccdurc.

Each  SSPS was tc.stc.d  again after prc-seal burn-in. This was
done at room tcmpemturc  and nominal conditiom.  The test was
repeated after scaling the unit,

A 100%, 270 hour burn-in followed. An electrical test, at

nominal conditions, was  performed at half point of the burn-in
c.yclc. After co]npleticm  of  the. burn-in the uni~s were tested over
the e]ltirc  voltage and tcmpcraturc envelope. Voltages were: 2SV,
30V and 35V for the bus, 4.2SV, SV and 5.25V for the logic

supply. Tempera ture.s wc.rc: 2S “C, -20 “C and 75 “C.

TIII+ NEXT GENIWA’I’ION

The  next gcncraticm  of  intelligent solid state spacecraft power
switc  hcs  will be driven by the rcquirerncnts of faster, better,

cheaper, and much smaller interplanetary spacecraft. Whllc the
Cassini spacecraft utilims a 900 Watt power systcm with 192
SSPS’S,  the. nc.xt gc.neration  spacecraft, like Pluto Express or the
Millennium missions, will utilim 50 to 100 Watt power systcn~s
and about 100 solid state. switches or less. The  Cassini 3 lgr.
SSPS must sltrillk  wliilc. maintaining complex functionality that
will support auto]  lo]nous  systc.ms.  Thus, ncw technologies and
mor(  innovative dc.signs  will bc. utilized. Mixed signal (analog
and digital) ASIC tc.c}molcrgy will  bc used to obtain the highest
possible level  of intcg,l at ion. Nc.w packaging techniques, utilizing
Hig}, Density Intc.rconncct  procc.sscs  that are applicable to power
electronics must be utilize.d. The Pluto goal is to package four
(4) indcpcndcnt powcl  switches in a 15 cn]2 foot print (or smaller)
package weighing lCSS than 20gr.  Additional design goals are:
Flexible application, 7,cro OF’F- state power conwrtnption,  output
isolation and self contairmd  logic  power, all while maintaining the
harcl bus concc.pt.
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JPL SOLID STATE POWER SWITCH (SSPS)
FOR CASSINI POWER SUBSYSTEM
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SSPS IS USED TO CONNECT AND DISCONNECT THE
S/C LOADS TO THE S/C BUS AND TO PROVIDE
DISTRIBUTED FAULT PROTECTION

FETs
FEATURES A REDUNDANT DESIGN FOR FAULT
TOLERANCE

● RATED FOR THE 30V BUS AND 3A LOADS


